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Survival water thresholdAn experiment was conducted over a 3-year period to investigate the aeolian soil water dynamics and ecophys-
iological characteristics ofHaloxylon ammodendron in Ulan BuhDesert, northwest China. Three different commu-
nities of H. ammodendron, which consist of two 8- to 10-year plantations and one natural stand, were selected
in this study. As a result, the “economic water threshold” of H. ammodendron was expressed at about 2.0% of
the absorbed water content. Above this threshold, the aeolian soil water potential decreased by −0.18 MPa
with a 1.0% decrease in the water content. Below this threshold, the aeolian soil water potential decreased by
−2.09 MPa with a 1.0% decrease in the water content. The predawn water potential of the shoot can recover
to an above zero turgor pressure when the aeolian soil water content exceeded the “economic water threshold”.
However, the predawn water potential of the shoot became−3.50 MPa, which was lower than that at zero tur-
gor (−3.41MPa)when the aeolian soilwater contentwas about 1.0%. This results indicated that the shoot cannot
recover its turgor. Therefore, 1.0% of the aeolian soil water content was deﬁned as the “survival water threshold”
of the growth of H. ammodendron.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.Table 1
Characteristics of the 3 kinds of communities of H. ammodendron.
Type Density
(plant h−1)
Height
(cm)
Ground water
table (m)1. Introduction
Haloxylon ammodendron, a large shrub in the Chenopodiaceae fami-
ly, is naturally distributed in deserts, including sandy, gravel, clay, and
salt desert. This shrub often forms a large area of pure stand in some de-
serts.H. ammodendron is an important sand-ﬁxing shrub and could also
be used as ﬁrewood (Wu, 1979). The shrub is a dominant species of
the desert vegetation in China and is mainly distributed in the Xinjiang
Autonomous Region, Inner Mongolia Autonomous Region, Qinghai
Province and Gansu Province (Liu et al., 2011).
Previous ecophysiological studies on H. ammodendron mainly fo-
cused on 2 aspects. (1) Physiological studies such as photosynthesis reg-
ulation under different water conditions (Su et al., 2007), stem sap ﬂow
and water consumption under drip irrigation (Xu et al., 2008), canopy
and leaf gas exchange in different soil water conditions (Gao et al.,
2010), response of chlorophyll a ﬂuorescence to the irrigation of saline
groundwater (Han et al., 2010), response of photosynthesis and water
potential to precipitation (Zou et al., 2010), vegetation dynamics and
soil carbon and nitrogen accumulation under controlled grazing (Zhou
et al., 2011), and fertile island and lower pH and EC induced by stem
ﬂow (Li et al., 2011). (2) Growth studies such as the crown and root
growth in hinterland of desert (Wei et al., 2007), growth and biomass
allocation in different irrigation conditions (Shan et al., 2008), andhts reserved.genetic variation of seed germination and seedling traits (Liu et al.,
2011). However, one of the most important factors for the growth of
H. ammodendron in the desert is the threshold of water availability, es-
pecially in aeolian soil water conditions.
H. ammodendronwas widely used as part of the desertiﬁcation con-
trol projects of China and as one of the dominant shrubs in the shelter
belt to control desertiﬁcation in the Ulan Buh desert since the 1980s.
However, some H. ammodendron plantations degraded, where the as-
similating shoot becomes yellow and withers during the summer
drought. High mortality recently occurred for the H. ammodendron.
The main water source of H. ammodendron is soil water because of
low and unpredictable rainfall. However, we still do not know the aeo-
lian soil water conditions for the growth of H. ammodendron. Therefore,
we selected a mature H. ammodendron plantation and its natural com-
munity to study the changes in the physiological and ecological charac-
teristics of the H. ammodendron in response to the aeolian soil moisture8- to10-year plantation (No. 1) 1800 ± 72 230 ± 56 6.2
8- to 10-year plantation (No. 2) 2420 ± 96 210 ± 34 5.2
Natural stand (No. 3) 830 ± 46 220 ± 43 6.7
Fig. 1.Monthly precipitation (bars) and air temperature (points) in the Ulan Buh Desert
during the ﬁeld experiment (January 1997 to December 1999).
Fig. 2. Relationship between the water potential and water content of aeolian soil.
Fig. 3. P–V curve of H. ammodendron. RWC: relative water content. ψ: water potential.
54 W.B. Yang et al. / South African Journal of Botany 92 (2014) 53–58in theUlan BuhDesert.We aim to examine the suitable andminimal ae-
olian soil water conditions for the growth of H. ammodendron.
2. Material and methods
2.1. Site characteristics
Field experiments were conducted in the Dengkou Combating De-
sertiﬁcation Bureau of Experimental Center (40°28′ N, 106°46′ E) in
the northeast edge of the Ulan Buh Desert, northwest China, with an el-
evation of 1050 m to 1060 m. The site is a temperate arid climate zone
with a mean annual precipitation of 152.7 mm. The mean potential
evaporation is 2351mm,which is over 15 times that of themean annual
precipitation. The mean annual air temperature is 7.5 °C with a maxi-
mum of 38.7 °C in July and a minimum of−32.8 °C in January. The cli-
mate is dry, windy, and hot in the summer and cold in the winter. The
dominant vegetation type is the shrub, including Nitraria tangutorum,
Artemisia ordosica, Artemisia sphaerocephala, and H. ammodendron.
Most of the vegetation is found in the lower part of the sand dune and
in the interdune. The vegetation coverage varies from 10% to 30%.
H. ammodendron grows on 3 m to 5 m high dunes formed by the al-
luvial deposits of the Yellow River after the wind blows. The soil of theTable 2
ψx0 and ψx100 of the growing period of H. ammodendron from June to September 1997 (n = 5).
Months June July
ψx0 (Mpa) −3.36 ± 0.12 −3.39 ± 016
ψx100 (Mpa) −2.72 ± 0.08 −2.79 ± 013sand dunes is aeolian with a diameter of 0.05 mm to 0.25 mm for
most soil (80% to 90%) in the aeolian soil on the sand dunes. The bulk
density of the aeolian soil is 1.60 to 1.70 (g cm−3). Three different com-
munities of H. ammodendron, comprising two 8- to 10-year plantations
(Nos. 1 and 2, respectively) and one natural stand (No. 3), were selected
based on the extensive investigations of the soil moisture across the dis-
tribution area of H. ammodendron in the Ulan Buh. Mobile sand dunes
without any plantation were chosen as the control. The details of the
characteristics of the selected communities are shown in Table 1.
2.2. Measurement of soil water conditions
The aeolian soil water potential was measured from May to
September 1997 using a HR-33T dewpoint potentiometer (Wescor
Company, Logan, UT, USA). The soil samples were collected at 0, 10,
20, 40, 60, 80, 100, 120, 150, and 200 cm depths with 3 replicates. The
soil sampleswere dried at 105 °C for 12 h. The aeolian soilwater content
was calculated using the equation as follows:
Aeolian soil water content %ð Þ ¼ wet soil weight−dry soil weight
dry soil weight
 100%:
2.3. Measurement of water status of H. ammodendron
Thepressure–volume (P–V) curve for theH. ammodendron shootswas
constructed through the Hammel method (Tyree and Hammel, 1972).
The water potential of the assimilating shoot of the H. ammodendron in
the 3 plots was measured from May to September 1997 using a PMS
600 pressure chamber (Corvallis Company, OR, USA). The daily dynamics
of the transpiration rate (E) of H. ammodendron in natural community
was measured by a Li-1600 porometer (LI-COR Inc., Lincoln, Nebraska,
USA) on ﬁve sunny days from July to August 1998. The daily dynamics
of the E of the assimilating shoot of the 8- to 10-year H. ammodendron
plantations was measured 2 to 5 times every month during the growing
season (July to August) in 1999.
2.4. Statistical analysis
The measurements were performed 5 times for the aeolian soil
water potential, water potential, and E of the assimilating shoot of
H. ammodendron. The means and calculated standard error (SE) are
reported.August September Mean
−3.42 ± 0.06 −3.46 ± 0.09 −3.41 ± 0.11
−2.86 ± 0.08 −2.92 ± 0.11 −2.82 ± 0.10
Table 3
Water potential (mean ± SE) of the assimilating shoot of H. ammodendron in different aeolian soil water moisture (n = 5).
Type 8- to 10-year plantation
(No. 1)
8- to 10-year plantation
(No. 2)
Natural community
(No. 3)
Mean aeolian soil water content (%) 1.12 ± 0.23 0.98 ± 0.16 2.69 ± 0.19
Mean aeolian soil water potential (MPa) −1.36 ± 0.15 −2.40 ± 0.24 −0.28 ± 0.11
Mean daily water potential of shoot (MPa) −4.13 ± 0.41 −4.58 ± 0.37 −3.35 ± 0.29
Predawn water potential of shoot (MPa) −2.55 ± 0.24 −3.65 ± 0.29 −1.60 ± 0.16
Minimal daily water potential of shoot (MPa) −4.70 ± 0.25 −5.00 ± 0.39 −4.50 ± 0.31
Fig. 5. Relationship of the predawn water potential of the assimilating shoot of
H. ammodendron (06:00) and the aeolian soil water content during the growing season
(May to September) of 1997.
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3.1. Monthly precipitation and air temperature in Ulan Buh Desert from
1997 to 1999
From January 1997 to December 1999, the mean monthly air tem-
perature ranged from−9.5 °C in January to 23.5 °C in July. The mean
annual air temperatures in 1997, 1998, and 1999 were 8.5 °C, 9.1 °C,
and 8.9 °C, respectively, and the annual precipitations were 78.2,
159.7, and 96.1 mm, respectively. The mean monthly precipitation
ranged from 0.0 mm in February 1997 to 45.4 mm in May 1998 (Fig. 1).
3.2. Characteristics of aeolian soil water potential
The relationship between the water content (ω) and the water po-
tential (ψs) of the aeolian soil was as follows:
ψs ¼−10:91944 0:25559ω R2 ¼ 0:9997
 
: ð1Þ
The aeolian soil water content and soil water potential at the curve
inﬂection point were 2.0% and−0.72 MPa, respectively (Fig. 2).
3.3. The P–V curve of H. ammodendron
Theψx100 (water potential of the assimilating shoot at a saturated tur-
gor) and ψx0 (water potential of the assimilating shoot at zero turgor) of
the H. ammodendron growth phase were determined by the P–V curves
(Table 2). The mean water parameters of the H. ammodendron were
ψx100=−2.82MPa,ψx0=−3.41MPa, RWD0=10% (relativewater def-
icit at zero turgor), Vs = 0.35 (free water content), Va·Vs−1 =
1.86 (ratio of bound and free water content), and εmax =−8.4 (maxi-
mum volumetric elastic modulus). The turgor of the assimilating shoot
disappeared when the relative water deﬁcit was 10.53%. However, the
osmotic potential at a zero point of turgor was as low as −3.41 MPa
(Fig. 3).Fig. 4.Water potential of the assimilating shoot of Nos. 2 (triangles), 1, (squares), and 3
(points) of H. ammodendron in 1998 (n = 5). The mean aeolian soil water content of
Nos. 2, 1, and 3 of H. ammodendronwere 0.98%, 1.12%, and 2.69%, respectively.3.4. The relationship of the water potential of the assimilating shoot and
aeolian soil water content
The daily means of the water potential of the assimilating shoot of
H. ammodendronwere−3.35,−4.13, and−4.58MPawhen the aeolian
soil water content decreased by 2.69% and 1.12% to 0.98% (Table 3). The
water potential of the assimilating shoot decreased with the drought
stress (Nos. 1 and 2, respectively). The predawn water potential de-
creased by 59% and 128%, and the midday water potential (minimum)
was decreased by 4% and 11%, respectively (compare with No. 3). The
daily range of the water potential of the assimilating shoot decreased
by about 26% and 50%, Nos. 1 and 2 respectively, in the lower aeolian
soil water content conditions (Fig. 4).
When the characteristic curve of thewater potential of aeolian soil is
shown in Eq. (1), the relationship between the predawnwater potentialFig. 6. Relationship among predawn (ψm), midday (ψ14), and evening (ψ21) water poten-
tial of the assimilating shoot of H. ammodendron during the growing season (May to
September) of 1997.
Fig. 7. Relationship between the daily dynamics of thewater potential of the assimilating shoot of H. ammodendron and aeolian soil water content. The dashed horizontal line is thewater
potential of the assimilating shoot at zero turgor.
56 W.B. Yang et al. / South African Journal of Botany 92 (2014) 53–58(ψm) of H. ammodendron and the aeolian soil water content (ω) is
shown as
ψm ¼ 1:02332 e1:4759ω
−1
R2 ¼ 0:9997
 
: ð2Þ
The predawn water potential of the assimilating shoot of
H. ammodendron was about−2.82 MPa, and the relevant aeolian soil
water content was 2.0% (Fig. 5).
The relationship among the predawn (ψm), midday (ψ14) and eve-
ning (ψ21) water potential of the assimilating shoot is shown in Fig. 6.
The equations are as follows:
ψ14 ¼ 3:04282þ 0:53087 ψm r ¼ 0:9102ð Þ ð3Þ
ψ21 ¼ 1:41708þ 0:723162 ψm r ¼ 0:9881ð Þ: ð4Þ
The equation could similarly be regressed at other times. These equa-
tions could be used to simulate the water potential of the assimilating
shoot at any time of 1 day and in different aeolian soil water contents.Table 4
Aeolian soil moisture under different growth types of Haloxylon ammodendron.
Growth status Survey site Date Depth of
underground
water
Aeoli
0–40
Normal South of Zong He forest farm, Ming Qin Aug. 6.9 1.5 ±
JiLantai, Inner Mongolia Aug. 6.5 1.7 ±
Lin Zhe Combanting Station Aug. 6.0 1.1 ±
DengKou, Inner Mongolia Aug. 7.7 1.3 ±
Degeneration East of Deng Kou Combating Desertiﬁcation
Bureau of Arboretum
July 6.0 0.6 ±
West-north of Min Qin Combating Station July 6.6 1.1 ±
West-north Lin Zhe Combanting Station July 9.0 0.8 ±
North of Lin Zhe Combanting Station July 8.0 0.9 ±
South of Zong He forest farm, Ming Qin Aug. 6.9 1.1 ±
South of Deng Kou Combating
Desertiﬁcation Bureau of Arboretum
July 7.5 0.6 ±
Severe
degeneration
Qing Sonbao, Zong He, Min Qin Aug. 6.9 1.1 ±
East of Deng Kou Combating Desertiﬁcation
Bureau of Arboretum
Aug. 5.0 0.5 ±
West-north of Lin Zhe Combanting Station July 7.0 1.0 ±Therefore, the daily dynamics of the water potential of an assimilating
shoot and the aeolian soil water content could be simulated through
their relationship (Fig. 7). Our data indicated that the predawn water
potential of an assimilating shoot of H. ammodendron could not recover
to the same level as that of the aeolian soil even with high soil water
availability. The water potential of the shoot also dramatically reduced
in the afternoon around 14:00 and often appeared lower than ψx0 in
the potential evaporation during sunny weather.
3.5. The relationship of the aeolian soil water content and the growth of
H. ammodendron
The plant growth and the aeolian soil moisture were simulta-
neously long-term monitored for the different growth conditions of
H. ammodendron in the Ulan Buh regions (Table 4). The results revealed
that H. ammodendron grows well when the aeolian soil water content is
basically maintained at 2.0%. All H. ammodendron with recession fea-
tures in growth were in an aeolian soil water content of less than 2.0%.
The stand severely degraded when the aeolian soil water content is
below 1.0%.an soil moisture(%) Forest-type Growth situation
(cm) 40–200 (cm) Height (m) Situation description
0.13 2.6 ± 0.31 Man-plant 2.1 ± 0.20 Green crown, growth prosperity
0.58 3.4 ± 0.69 Natural 2.6 ± 0.34 Green crown, growth prosperity
0.35 2.2 ± 0.43 Man-plant 2.3 ± 0.22 Green crown, growth prosperity
0.23 2.8 ± 0.51 Man-plant 3.0 ± 0.27 Most of leaf being green growth
prosperity
0.14 1.1 ± 0.22 Man-plant 1.7 ± 0.27 Under middle of leaf being yellow,
tree crown decreasing
0.09 1.3 ± 0.24 Man-plant 2.0 ± 0.13 Under middle of leaf converting
yellow
0.13 1.3 ± 0.20 Man-plant 1.5 ± 0.12 Under middle of leaf being yellow
0.11 1.4 ± 0.22 Man-plant 1.6 ± 0.13 Under middle of leaf converting
yellow
0.08 1.4 ± 0.13 Man-plant 1.6 ± 0.17 Under middle of leaf being yellow,
tree crown decreasing
0.10 1.4 ± 0.20 Man-plant 2.8 ± 0.31 Under middle of leaf being yellow,
tree crown decreasing
0.11 0.9 ± 0.16 Man-plant 1.4 ± 0.26 Top of leaf being green most of leaf
being yellow
0.09 0.8 ± 0.12 Man-plant 1.2 ± 0.29 All of leaf being yellow
0.17 1.0 ± 0.08 Man-plant 1.5 ± 0.31 All of leaf being yellow
Fig. 8. Daily dynamics of the E of H. ammodendron in a natural community (No. 3) in June
15 (squares), July 10 (triangles), and August 20 (points) of 1998 (n= 5). Table 5 was the
aeolian soil water content during the period of measurement.
Table 5
Aeolian soil water content (%) (mean ± SE) of the H. ammodendron natural community
(No. 3) in June, July, and August of 1998 (n = 3).
Depth (cm) June 15 July 10 August 20
0 0.65 ± 0.08 1.07 ± 0.14 0.95 ± 0.08
20 1.26 ± 0.11 1.59 ± 0.09 1.45 ± 0.13
40 1.36 ± 0.11 1.57 ± 0.15 1.62 ± 0.18
60 2.14 ± 0.16 1.87 ± 0.21 2.89 ± 0.21
80 2.36 ± 0.19 2.10 ± 0.19 2.06 ± 0.18
100 3.98 ± 0.28 2.53 ± 0.27 3.10 ± 0.29
150 3.86 ± 0.31 3.86 ± 0.29 3.08 ± 0.16
200 4.21 ± 0.35 4.01 ± 0.34 4.36 ± 0.37
Fig. 9. Daily dynamics of the E of Nos. 1 (triangles) and 2 (dots) plantations of
H. ammodendron in July of 1999 (n=5). Table 6was the aeolian soil water content during
the period of measurement.
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The aeolian soil water content increasedwith the increase of the soil
depth in the natural stand (No. 3) in June, July, and August 1998
(Table 5). The daily E of H. ammodendron showed a single peak curve
in different months under aeolian soil water content of over 2.0%. The
daily E of H. ammodendron in July was signiﬁcantly higher than that in
June or in August (p b 0.05) (Fig. 8). The mean daily E in June, July,
and August were 474.9, 539.2, and 472.9 μg g−1 s−1, respectively.
The aeolian soil water content was higher in the No. 2 plantation
than in the No. 1 from 20 cm to 200 cm soil depth (Table 6). The daily
curve of E showed double peaks at a relatively higher aeolian soil
water content (2.0%; No. 2). The ﬁrst peak appeared at 12:00 with a
value of 498.2 μg g−1 s−1, and the second peak appeared at 15:00
with a value of 486.5 μg g−1 s−1. Under less favorable aeolian soil
water conditions (No. 1: aeolian soil water content b 2.0%), the E was
similar to that of theNo. 2 plantation in themorning. However, the E in-
creased slightly later with the peak appearing at 12:00 with a value of
332.5 μg g−1 s−1, which was about 33% lower than that of the No. 2
plantation. The E ofH. ammodendron in theNo. 1 plantation then rapidly
decreased, and its daily curve smoothened (Fig. 9). The dailymeanvalue
of the No. 1 plantationwas only 177.2 μg g−1 s−1, which was about 50%
lower than that of the No. 2 plantation.Table 6
Aeolian soil water content (%) in 2 different plantations of H. ammodendron in 1999 (n = 3).
Depth (cm) 0 20 40
8- to 10-year plantation (No. 1) 0.66 ± 0.07 0.48 ± 0.06 0.65 ± 0.08
8- to 10-year plantation (No. 2) 0.44 ± 0.08 0.66 ± 0.06 0.79 ± 0.074. Discussion
The H. ammodendron is a large shrub that grows in deserts with an
arid climate. The shrub has formed a special water ecophysiological
relationship with the environment in the long-term adaptation to
the drought stress. A previous study showed that more than 90%
of the feeder roots were in the 0 m to 0.9 m soil layer. The maxi-
mum depth of the H. ammodendron root was 3.32 m, which was far
above the groundwater with a depth of 5.2 m (Xu et al., 2007). Stored
aeolian soil water might be the main water source for the growth of
H. ammodendron because of the lower groundwater table (deeper
than 7.0 m) outside the Ulan Buh Desert.
The turning point of the aeolian soil water content for the plant
growthwas 2.0% in theUlan BuhDesert. The aeolian soil water potential
above this point declined by−0.18MPawith every 1.0% decrease in the
aeolian soil water content.When the aeolian soil water content is lower
than this point, the slope of the linear relationship between the aeolian
soil water content and the soil water potential is greater, the aeolian soil
water potential declined by−2.09MPa with every 1.0% decrease in the
aeolian soil water content. Therefore, an aeolian water content of 2.0%
appeared to be a critical value for the water traits of the aeolian soil in
the Ulan Buh Desert.
The H. ammodendron had a very low ψx100 and ψx0, which indicated
the viscidity of the cell protoplasm in the assimilating shoot and the
high bond ability of the bonding water (Hu and Wang, 1998; Zhang,
2000). Above an aeolian soil water content of 2.0%, the aeolian soil
water potential was higher than−0.70 MPa. The osmotic potential of
the assimilating shoot of the H. ammodendron was always lower than
−2.82 MPa, which ensures that the water potential of the assimilating
shoot is above the osmotic potential at zero turgor. When the aeolian
soil water content was lower than 1.0%, the aeolian soil water potential
was lower than−2.82 MPa. The rapid decline of the water potential of
the assimilating shoot of H. ammodendron could not be restrained de-
spite the osmotic potential decrease at lower than−3.41 MPa.
The daily curve of the water potential of the assimilating shoot
declined with the decrease of the aeolian soil water content. The
H. ammodendronwould beneﬁt from acquiring water from soil. The re-
lationship between the predawn water potential and the midday or60 80 100 150 200
1.09 ± 0.09 1.22 ± 0.09 1.63 ± 0.15 1.70 ± 0.11 1.63 ± 0.14
1.36 ± 0.14 1.56 ± 0.13 2.16 ± 0.19 3.02 ± 0.25 2.91 ± 0.17
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dawn water potential declined more than midday water potential
when the aeolian soil water content decreased. The total daily curve of
the water potential smoothened. The variation of the water potential
of H. ammodendron accelerated when the aeolian soil water content
was lower than 2.0%. In the south edge of the Gurbantonggut Desert
of Xinjiang, H. ammodendron used the rain-derived upper soil water
for survival and responded to the rain pulse events in terms of leaf
water potential and transpiration. The plant was able to maintain nor-
mal photosynthesis within a wide range of soil water status (Xu and
Li, 2006). In the absence of precipitation, both the predawn andmidday
water potential of H. ammodendron continually decreased over time in
response to the lack of water (Xu et al., 2007).
The predawn water potential of the assimilating shoot of
H. ammodendronwas−2.82 MPa when the aeolian soil water content
was 2.0%. The potential was the boundary from the linear decrease to
the curved decrease and was similar to the critical value (Guo and
Tian, 1992). The ecological importance was analyzed as follows: water
potential of the assimilating shoot of the H. ammodendronwas slightly
affected by the variation of the aeolian soil water content when
above 2.0%. The water potential of the assimilating shoot recovered to
above the zero point of the turgor after one night. The growth of the
H. ammodendron would not be affected by water stress. However,
rapid and obvious decline in the water potential of the assimilating
shoot occurred as evidenced by the slight decrease of the soil water con-
tent and severe water stress when the aeolian soil water content was
lower than 2.0%. The minimum value of the aeolian soil water content
was 1.0% for the growth of the H. ammodendron. The corresponding
soil water potential was−2.82 MPa. The water potential of the assimi-
lating shoot was−3.50 MPa, which was lower than ψx0 (−3.41 MPa),
which means that the turgor could not recover. A similar result was
reported in other areas. In the Gurbantonggut Desert, the seasonal
pattern of the predawn water potential of H. ammodendronwas closely
related to the soil moisture in the upper layer at a depth of 0 m to 0.2 m
and 0.6 m to 0.8 m, which was periodically recharged by rain
events and acutely responded to rainfall above 5 mm (Xu et al., 2011).
A recent study indicated that the critical value of the water potential
of H. ammodendron was also affected by soil texture. For example,
H. ammodendron defoliated when the predawn leaf water potential
dropped below −3.00 MPa in sandy soil. Defoliation also occurred
when the predawn leaf water potential dropped below−3.75 MPa in
heavy-textured soil (Zou et al., 2010).
H. ammodendron normally grows under favorable aeolian soil water
conditions (soil water content N 2.0%) with an “arch” shape E daily
curve. When the aeolian soil water content declined below 2.0%, soil
water became a main factor that affected the E of H. ammodendron.
The cause for the double peaks, the disappearance of the second peak,
and the plateaued total curve resulted from water stress. The daily
mean E of H. ammodendron decreased by more than 80% to save
water. After the relative water deﬁcit decreased to lower than 1.0%,
the cell turgor disappeared, and the osmotic potential became lower
than−3.41 MPa. However, the assimilating shoot of H. ammodendron
did not wither because of the succulence of the shoot. In the absence
of precipitation, the E of H. ammodendron continually decreased over
time in response to the lack of water (Xu et al., 2007).
The water ecophysiological traits of H. ammodendron may have
beneﬁtted from its adaptation to extreme desert conditions. For exam-
ple,H. ammodendron had a lowerwater loss, which is suitable for desert
conditions because of the low E and lowwater potential, comparedwith
other plants in the Heihe basin of Northwest China such as Calligonum
mongolicum, Elaeagnus angustifolia, and Populus hosiensis (Gong et al.,
2006).Given the actual survey results, we have reason to believe that the
P–V water parameter of H. ammodendron can be considered as the
water threshold. An “economic water threshold” (aeolian soil moisture
threshold for normal growth) of the H. ammodendron could be around
2.0% for a normal dry matter accumulation in the aeolian soil. The pre-
dawn water potential of the assimilating shoot can recover to above
the zero turgor only when the aeolian soil water content is higher
than the “economic water threshold.” An aeolian soil water content of
about 1.0% is called the “survival water threshold” (aeolian soil mois-
ture threshold for survival) of the H. ammodendron for normal growth.
When the aeolian soil water content is lower than the “survival water
threshold,” the predawn water potential of the assimilating shoot can-
not recover to the zero turgor.
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